no influence on the EM, unless they become unmasked by removTreatment of intact erythrocytes with trypsin (TRY) produced a significant difference (P < 0.001) in electrophoretic mobility (EM) of fetal and adult cells. The greater net negative charge of the fetal red blood cells (RBC) at the "new electrokinetic surface" generated by TRY was further analyzed with cell-electrophoretic measurements combined with various enzymatic and chemical reactions.
Summarv
no influence on the EM, unless they become unmasked by removTreatment of intact erythrocytes with trypsin (TRY) produced a significant difference (P < 0.001) in electrophoretic mobility (EM) of fetal and adult cells. The greater net negative charge of the fetal red blood cells (RBC) at the "new electrokinetic surface" generated by TRY was further analyzed with cell-electrophoretic measurements combined with various enzymatic and chemical reactions.
Formaldehyde or diazonium reaction known to eliminate positive (NH2) groups increased the net negativity of the TRY-digested adult.and fetal RBC in the same extent leaving the distance between the E M values unchanged. When the TRY digestion was followed by neuraminidase (NASE) treatment, the decrease in E M of both types of erythrocytes was of the same magnitude, and the distance between the E M values of the TRY-treated fetal and adult RBC remained unchanged, too. Phospholipase-C (PLC) digestion performed after TRY treatment did not cause any change in EM, either in adult or in fetal RBC.
The results show that the greater net negativity of the fetal RBC surface after TRY digestion can be attributed to neither less positive (NH2) groups, nor more sialic acid or phosphoric acid molecules existing a t the new electrokinetic surface. It is suggested that the fetal RBC membrane may possess more acidic amino acid exposed to the outside, when TRY liberates sialoglycoprotein from the outer surface of the membrane.
Speculation
Glycophorin seems to be the only major membrane protein in RBC which is readily accessible for TRY at the exterior cell surface. The new electrokinetic surface generated by TRY is characterized by the portion of glycophorin just behind the TRY splitting site. The results presented here might be explained by a supposed modification in the biogenesis of the glycophorin in fetal life. Amino acid analysis of the glycophorin fragments obtained with TRY digestion would serve a more intimate insight to the problem and would give information about the maturation from fetal to adult surface properties.
ing an exterior layer of the membrane, e.g., with proteolytic enzymes. TRY digestion studies on intact RBC suggest that glycophorin is the only major membrane protein which is rcadily accessible at the exterior cell surface (1). Accordingly, electrophoretic measurements of RBC combined with proteolytic digestions and other enzymatic or chemical reactions on intact RBC would give further informations about the molecular architecture of the RBC periphery, when the results are interpreted with respect to the chemical structure and surface orientation of glycophorin.
Fetal RBC have been shown to differ from those of adult not only in a number of metabolic characteristics (9) , but in properties like membrane deformability (2) and lateral movement of membrane Concanavalin A receptors as well (1 l), which suggest a possible difference in membrane composition and/or structure of fetal and adult RBC. Recent studies on sodium dodecyl sulphate/ polyacrylamide gel pattern of membrane proteins failed to reveal any difference between the two-cell population (13) . Previously, however, the authors reported on a dissimilarity between fetal and adult RBC in the effect of TRY digestion on the EM of intact cells (5) . The work was done and the results were interpreted before the amino acid sequence and sugar attachment sites of glycophorin were appreciated (16) . In experiments presented here, the difference between fetal and adult RBC membrane after TRY digestion was further analyzed with electrophoretic measurements combined with various enzvmatic and chemical reactions. and the results are interpreted in ;he light of the knowledge about the glycophorin chemical structure.
MATERIALS AND METHODS
Venous blood from the cubital vein of 18 healthy adult volunteers and cord blood from 18 normal term infants were collected into siliconized test tubes containing sodium citrate (9: 1). Each blood sample drawn from an adult was paired with that of an infant and experiments were done comparatively, treating both samples of a pair together. RBC were washed three times in "solution S" (0.145 M NaCl adjusted to pH 7.2 with sodium bicarbonate).
Human RBC are covered with glycoproteins (6, 15) . The chem-FORMALDEHYDE TREATMENT ical composition and surface orientation of the major glycoprotein Two % of formaldehyde was prepared from paraformaldehyde found in the RBC membrane (glycophorin) have been (Merck, Darmstadt, West-Germany) by the method of Vassar e* studied in the recent years by Marchesi and his collaborators (8, (17) , Washed RBC were suspended in this futative and were 16). Its sugar-containing portion is entirely exposed to the outside incubated at room temperature for at least 24 hr stirring them of the cell and carries a number of different biological activities. frequently, It also bears the sialic acid residues responsible for the most of the negative charge at the cell surface. Because the EM of erythrocytes NASE TREATMENT is mainly related to the peripheral sialic acid molecules of the membrane (12) , glycophorin can be perceived as the main deter-
The washed cells were suspended in 0.05 M acetate buffer (pH minant of the erythrocyte EM.
5.5) containing 0.9% NaCl and 0.1% CaC12. Five ml of this The EM of RBC is determined by the number and sign of the suspension (10 cells/ml) was incubated with 0.5 ml NASE (Neurionizing groups located in the outermost region of the membrane aminidase, Behringwerke AG, Marburg Lahn, West-Germany, only (12) . Charged groups existing deeper in the membrane have 500 U/ml) at 37°C for 30 min.
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TRY TREATMENT
The washed RBC were suspended in phosphate buffered saline (PBS), pH 7.3. The suspension (10' cell/ml) was incubated with 1 mg/ml TRY (Trypsin 1:250, DIFCO, Detroit, MI) at 37OC for 60 min.
DIAZONIUM REACTION
This procedure for deamination known in the histochemistry (10) was used for elimination of NH2 groups. Washed TRYtreated RBC were suspended in a mixture of equal parts of 10% acetic acid and 5% NaN02 and were incubated for 24 hr at 4OC.
PLC TREATMENT
Because PLC was found to be hemolytic, formaldehyde-futed RBC were used for these investigations. PLC digestion was performed with a partially purified preparation (Phospholipase-C form CI. perfringens, Koch-Light, Colnbrook, England, 1-2 U/ mg) which was protease-freed according to the procedure of Simpkins et al. (14) . This enzyme preparation possessed no proteolytic activity as determined by Azocoll (Calbiochem, San Diego, CA). To avoid further unspecific effect of PLC arising from a possible contamination with neuraminidase, the fmed RBC were treated with NASE before the TRY + PLC digestions. TRYtreated,RBC were washed three times in PBS, suspension was made (lo7 cells/ml) in solution S containing CaCl2 (0.05%), and the cells were incubated with 0.5 mg/ml protease-freed PLC at 37°C for 60 min. During this incubation, the enzyme exerted its activity as was determined by the phosphorus content of the supernatant.
In successive treatments, the cells were washed three times in PBS before every next procedure. The final treatment was followed by washing the cells in solution S, and the EM of RBC was determined in this solution at 25OC with an Opton Cytopherometer (Opton, Oberkochen, West-Germany) at a current intensity of 4 mA. The migration rate of 20 cells in each sample was measured in both directions by reversin the current. The mean F -EM +-SE were expressed in term of psec-volt 'cm. The difference between the two types of cells were evaluated by the paired t test.
RESULTS
The results are summarized in Table 1 . The mean EM of untreated fetal RBC was identical with that of the adult cells. There was no significant difference in EM of the two cell types after treatment with formaldehyde and NASE. TRY digestion, however, produced a significant difference in EM of fetal and adult RBC.
The greater net negative charge of the fetal erythrocyte surface obtained after TRY cleavage was further analyzed. Treatment of the TRY-digested cells with formaldehyde known to eliminate NH2 groups from the surface (12, 17) increased the net negativity of the adult and fetal RBC in the same extent leaving the distance between the EM values unchanged. Similar results were found when diazonium reaction was performed for deamination.
When the TRY digestion was followed by NASE treatment, the decrease in EM of both types of erythrocytes was of the same magnitude, and the distance between the EM values of the TRYtreated fetal and adult RBC remained unchanged, too.
PLC digestion of formaldehyde-fued, desialized, and TRYtreated RBC did not cause significant change in EM, either in adult or in fetal RBC.
DISCUSSION
In experiments reported here, the EM of intact fetal and adult RBC was found to be the same confirming earlier results of the authors (5) and those of Luner and Szklarek (7) published independently at about the same time. Although Hollan and Szelenyl (3) reported on a slight increase in EM of RBC from cord blood over the adult value, they used a different buffer system which might be a reason for this discrepancy. The authors did not find any significant difference either in the EM of the two types of cells after NASE treatment. The results imply, in agreement with those of Luner and Szklarek (7) that the actual charge density and the sialic acid moiety at the fetal and adult RBC surface are essentially identical. The lack of any effect of formaldehyde fixation on EM of fetal erythrocytes shows that, the adult RBC alike, intact fetal RBC do not possess detectable amount of NH2 groups at their surface. These results indicate a close similarity in molecular composition at the outer surface of fetal and adult erythrocyte membrane.
TRY treatment produced a significant difference in EM of fetal and adult RBC. TRY liberates sialoglycoproteins from the outer surface of the membrane unmasking charged groups originally existing too far from the surface (12) . The charge density change occurring after TRY action, therefore, is complex, because, in addition to the elimination of protein-bound sialic acid molecules, TRY generates new charged groups which will contribute to the EM of these cells. TRY digestion, thus, results in a new electrokinetic surface of RBC.
The difference between the two types of RBC in the net charge density change caused by TRY can be attributed to either less positive or more negative groups at the new electrokinetic surface of fetal RBC. The first possibility does not appear likely, because the increase in EM of the two types of RBC after formaldehyde and NaN02 treatment was of the same magnitude. Accordingly, the TRY-digested fetal RBC must have more acidic groups at their surface than those of the adult. The difference in EM of the TRY-treated fetal and adult RBC did not disappear, either, when NASE digestion was performed as a second treatment, indicating that the negative groups more in number at the new electrokinetic surface of fetal RBC may not be sialic acid, either in protein-or lipid-bound form.
PLC caused no change in EM of the fixed, desialized, TRYtreated RBC, either of fetal or of adult cells. Although data are known that the polar heads of the phospholipids of RBC membrane might be exposed to the outside (18), it seems possible that they play little, if any, role in determining the erythrocyte EM, not even after TRY removes an exterior layer from the membrane.
EM measurements serve net quantitative data only about the cell surface potential (12) . The authors have no direct evidence from this study about the chemical nature of the acidic groups responsible for the higher charge density at the new electrokinetic surface of fetal RBC. It can be said only that they might be neither of sialic acid nor phosphoric acid in origin. Nevertheless, these negative statements are important indirect informations, since they strongly suggest the third possibility, namely, that these negative groups result from the acidic amino acids of the membrane Glycophorin seems to be the only major membrane protein in RBC that is readily accessible for TRY at the exterior cell surface (1). Taking into account this suggestion, the authors propose a tentative interpretation of these results with respect to the knowledge about the chemical structure of glycophorin (Fig. 1) . Glycophorin molecules as single polypeptide chains with a molecular weight of 31.000 (16) are most likely fully extended due to the repulsion between negative charge of the sialic acid molecules. The EM of RBC is determined by the ionizing groups located at the outermost membrane region only, i.e., at the electrokinetic surface of the cell (12) . Most of the sialic acid molecules are linked at positions too far from the electrokinetic surface and will make no significant contribution to the EM of RBC. However, they are available for NASE digestion. This may be the reason of the well known phenomenon that the yield of sialic acid released by NASE is up to about two times that expected on theoretical grounds from the change in electrophoretic charge density (12) . Luner and Szklarek (7) have shown that adult and umbilical cord erythrocyte ghost are identical in their sialic acid content. These results suggest that the fetal and adult erythrocyte are identical not only in the total sialic acid content but also in the distribution of sialic acid moiety at the N-terminal end of glycophorin molecules contributing to the electrokinetic behaviour of RBC.
When intact RBC are treated with TRY, only a fragment of glycophorin is released (8) (split indicated in Fig. 1 by arrow) . The new electrokinetic surface is characterized by the portion of glycophorin just behind the TRY splitting site. The suggestion that the fetal RBC, in comparison with the adult cells, possess more acidic amino acids at the new electrokinetic surface might be explained by a supposed modification in the biogenesis of the fetal membrane proteins, namely, (A) more glutamic acid and/or aspartic acid residues exist in the polypeptide chain of "fetal glycophorin" just behind the TRY splitting site; (B) glycophorin molecules have a slightly different conformation in the fetal RBC membrane exposing more gamma carboxyl groups of glutamin acid residues to the new electrokinetic surface than in the membrane of adult RBC (glutamin acid molecules behind the TRY splitting site exist at positions 42,45,55,56, 57,60); (C) in addition to the fully-matured polypeptide chain, the fetal RBC membrane might also have preformed, incomplete glycophorin molecules extending only up to the membrane level at the TRY splitting site.
Data are known that the major proteins of the RBC membrane appear gradually in the newly formed erythrocyte during erythropoesis (4) . Comparative studies on the surface architecture of fetal and adult RBC like these would give information about the maturation from fetal to adult surface properties as well.
